Aims: To evaluate the numbers and selected phenotypic and genotypic characteristics of the faecal indicator bacteria Escherichia coli and enterococci in gull faeces at representative Great Lakes swimming beaches in the United States. Methods and Results: E. coli and enterococci were enumerated in gull faeces by membrane filtration. E. coli genotypes (rep-PCR genomic profiles) and E. coli (Vitek Ò GNI+) and enterococci (API Ò rapid ID 32 Strep and resistance to streptomycin, gentamicin, vancomycin, tetracycline and ampicillin) phenotypes were determined for isolates obtained from gull faeces both early and late in the swimming season. Identical E. coli genotypes were obtained only from single gull faecal samples but most faecal samples yielded more than one genotype (median of eight genotypes for samples with 10 isolates). E. coli isolates from the same site that clustered at ‡85% similarity were from the same sampling date and shared phenotypic characteristics, and at this similarity level there was population overlap between the two geographically isolated beach sites. Enterococcus API Ò profiles varied with sampling date. Gull enterococci displayed wide variation in antibiotic resistance patterns, and high-level resistance to some antibiotics. Conclusions: Gull faeces could be a major contributor of E. coli (10 5 -10 9 CFU g )1 ) and enterococci (10 4 -10 8 CFU g )1 ) to Great Lakes recreational waters. E. coli and enterococci in gull faeces are highly variable with respect to their genotypic and phenotypic characteristics and may exhibit temporal or geographic trends in these features.
INTRODUCTION
Recreational waters are susceptible to a variety of sources of microbiological pollution (USEPA 1986; Lévesque et al. 2000; Rose et al. 2001) . In 1986, the United States Environmental Protection Agency (USEPA) published numerical standards for Escherichia coli and enterococci for fresh US recreational waters (USEPA 1986) . In October 2000, the US Congress required states with coastal (marine or Great Lakes) recreational waters to adopt (by April 2004) the USEPA criteria, and to establish monitoring and public notification programmes. As the responsible agencies develop beach-monitoring programmes in response to the new legislation, new and more detailed information concerning sources of E. coli and enterococci will be required to manage Great Lakes recreational waters. Because faecal contamination can come from many different human (septic systems or sewers) and animal sources (animal pasture runoff, waterfowl, wildlife or domestic animals), identifying sources of faecal contamination can be an aid to improving management of recreational waters. Recently, various methods have been proposed to identify sources of faecal contamination by classifying faecal bacteria [faecal coliforms, faecal streptococci (more recently, enterococci) or E. coli] from known sources based on phenotypic or genotypic characteristics and using these characteristics to classify faecal bacteria of unknown source that were isolated from the environment. Phenotypic source-determination methods have included multiple antibiotic resistance (MAR) profiles (Krumperman 1983; Kaspar et al. 1990; Wiggins 1996; Parveen et al. 1997; Hagedorn et al. 1999; Harwood et al. 2000) , O-serotyping and fatty acid methyl ester analysis (Parveen et al. 2001) . Genotypic source-determination methods have included ribotyping (RT; Parveen et al. 1999; Carson et al. 2001) , pulsed-field gel electrophoresis (Parveen et al. 2001 ) and rep-PCR profiles (Dombek et al. 2000) .
Very seldom has the range of phenotypic or genotypic characteristics of faecal indicator bacteria within host populations been considered in source-determination studies. Even though early studies indicated that individual animals host a variety of phenotypes and genotypes of E. coli including resident strains and continuous immigrants from the environment (Selander et al. 1987) , most source-determination studies have used samples taken on multiple dates or from multiple locations. For example, Wiggins et al. (1999) studied antibiotic resistance profiles of faecal streptococci isolated from humans, cattle, poultry and wild animals over a 4-year period, and classified the isolates with respect to source, using discriminant analysis. The average rate of correct classification (ARCC; number of correctly classified isolates divided by the total number studied) was 64-78%. It was hypothesized in this study that the relatively low ARCC might have been because of changes within the source-specific populations from which the samples were collected. Other studies applying discriminant analysis to different source-tracking methods have reported ARCCs of: RT, 82% (Parveen et al. 1999) or 74-96% depending on number of sources analysed (Carson et al. 2001) ; rep-PCR, 87-93% (Dombek et al. 2000) ; MAR of faecal streptococci, 87% (Hagedorn et al. 1999) ; MAR of faecal streptococci or faecal coliforms, 62-64% (Harwood et al. 2000) . Additionally, most sourcedetermination studies have shown varying success of classification depending on source type. For example, Dombek et al. (2000) used rep-PCR DNA fingerprints as a method of source determination for E. coli isolated from faecal samples. In that study, 100% of the E. coli isolates from chickens and cows were classified correctly; however, only 80-89% of the E. coli isolates from waterfowl (ducks and geese) were classified correctly. Evaluation of variability in the physiological and genomic characteristics of faecal bacteria populations within hosts may help to explain the percentage of incorrect classification of source samples and refine the usefulness of the proposed sourcedetermination methods.
Gulls (Larus sp.) have not been addressed in any source-determination studies to date, despite their potential or documented significance as a major source of faecal contamination to reservoirs and recreational waters and at bathing beaches (Jones et al. 1978; Lévesque et al. 1993 Lévesque et al. , 2000 Hatch 1996; Alderisio and Deluca 1999; Jones and Obiri-Danso 1999; Obiri-Danso and Jones 2000) . Gull faecal material is considered a threat to human health (Hatch 1996; Lévesque et al. 2000) . Studies have documented the presence in gull faeces of human bacterial pathogens such as Salmonella spp., Aeromonas spp., Campylobacter spp, and E. coli serotype O157 (Jones et al. 1978; Hatch 1996; Wallace et al. 1997; Lévesque et al. 2000; Obiri-Danso and Jones 2000) . No studies have specifically reported the numbers of USEPA-recommended recreational water faecal indicator bacteria E. coli and enterococci in gull faeces, although faecal coliforms (Lévesque et al. 1993 (Lévesque et al. , 2000 Alderisio and Deluca 1999) and faecal streptococci (Jones and Obiri-Danso 1999) have been reported. Information on the abundance and phenotypic and genotypic characteristics of these indicator bacteria in gull faeces will be useful to managers of recreational waters in the US Great Lakes and similar environmental settings.
The objective of this study was to evaluate, over the typical recreational swimming season, numbers and selected phenotypic and genotypic characteristics of the indicator bacteria E. coli and enterococci in gull faeces. We quantified E. coli and enterococci in gull faeces collected at two Lake Michigan, USA, beaches between May and October 2000. We used E. coli rep-PCR genomic profiles and E. coli and enterococci phenotypic tests to characterize E. coli and Enterococcus populations in gull faecal material. This paper presents the results of this study.
MATERIALS AND METHODS

Gull faecal sample collection
Gull faecal samples were collected at Lake Michigan beaches in Chicago, IL, USA (CHI) and Traverse City, MI, USA (TC) between May and October 2000. These beaches lie on the opposite shores of Lake Michigan (Figure 1 ). Sample nomenclature is presented in Table 1 .
Faecal samples were collected just after defecation. CHI gull faecal samples were collected by rolling a sterile swab in the centre of gull faecal droppings. TC samples were collected with a sterile spatula. Care was taken during sampling to be sure no surrounding beach sediment was collected. Samples were placed in a sterile tube, stored on ice, and processed in the laboratory 24-48 h after sample collection. Faecal material weight was determined for CHI-A21 and all TC samples but not for CHI-JU or CHI-A1 samples. All samples were suspended in a known volume of phosphate buffered saline, diluted in series and filtered by membrane filtration method for isolation of E. coli and enterococci.
Bacteria isolation and identification
Escherichia coli and enterococci were isolated from all samples using membrane filtration (American Public Health Association 1998; USEPA 2000) . A sterile buffered saline control and a series of dilutions were passed through individual sterile 0AE45 lm pore size, gridded cellulose nitrate membrane filters (Advantec MFS, Inc., Pleasanton, CA, USA). Dilution tubes were thoroughly mixed before filtration. Total coliform bacteria were identified on mENDO agar LES medium (DIFCO Laboratories, Detroit, MI, USA). For E. coli identification, membranes with 15-50 well-separated coliform colonies were transferred to Enterococcus isolates were identified using membrane filtration on mEI agar as described by USEPA (USEPA 2000) . Enterococci with representative morphologies on mEI agar were isolated and confirmed by growth on brain heart infusion agar with 6AE5% NaCl at 35°C, esculin hydrolosis on bile esculin agar and negative catalase activity (USEPA 2000) . Enterococcus isolates were further characterized using multiple physiologic assays (API Ò rapid ID 32 Strep, bioMérieux) as well as colony colour and haemolysis on Columbia sheep blood agar (BBL Becton Dickinson).
Rep-PCR genomic profiles of Escherichia coli isolates
Rep-PCR procedures were revised slightly from those described in Rademaker and de Bruijn (1997) . Primers used were REP 1R and REP 2I (Versalovic et al. 1991) of a final concentration of: 1 · PCR reaction buffer (100 mmol l )1 Tris-HCl pH 8AE5, 500 mmol l )1 KCl; Gibco BRL, Gaithersburg, NY, USA), 3AE3 mmol l )1 MgCl 2 , 125 lmol l )1 of each dNTP (Pharmacia, Piscataway, NJ, USA), 0AE01 lg ll )1 BSA (Boehringer Mannheim, Indianapolis, IN, USA), 10% DMSO, 2 lmol l )1 of each primer, 2U Taq DNA Polymerase (Gibco BRL), 1 ll of a 1 : 10 diluted E. coli culture (18-24 h culture in LB broth), and sterile tissue culture water to bring the volume up to 25 ll. To confirm purity, cultures used for the PCR were streaked onto EMB (DIFCO) and TSA with 5% sheep blood (BBL Becton Dickinson). DNA amplification was carried out in a Perkin Elmer 2400 Gene Amp PCR system (Perkin ElmerCetus, Norwalk, CN, USA) with the following conditions: 95°C for 7 min; 34 cycles of: 94°C for 3 s, 92°C for 30 s, 40°C for 1 min, 65°C for 8 min; a final elongation of 16 min at 65°C; and a final hold at 4°C. PCR products (7 ll of each) were electrophoresed on a 2% agarose gel for 100 min at 75 V in a Wide Mini-Sub Cell GT system (Bio-Rad Laboratories, Hercules, CA, USA) and visualized with ethidium bromide staining. On each gel, a laboratory strain of E. coli (ATCC 25922) was included as a positive control and standard for comparisons. Banding patterns of scanned images were compared using BioNumerics version 2AE5 (Applied Maths, Kortrijk, Belgium), with a resolution of 600 dpi. Similarities between banding patterns were established using unweighted pair-group method using arithmetic averages (UPGMA) clustering, based on the Dice correlation coefficient with 1AE0% optimization, 2% position tolerance and 2% minimum height. (Müller et al. 2001; Š vec et al. 2002) . To establish similarities between isolates, the API Ò test responses for the Ent. faecalis ATCC control, all gull Enterococcus isolates and the eight Enterococcus species reported in the API Ò manual were converted to binary data and cluster analysis of the binary response profiles was conducted (agglomerative clustering, Ward method) using S-Plus 2000 (MathSoft Inc., Seattle, WA, USA). Resistance of enterococci to the antibiotics streptomycin, gentamicin, tetracycline, vancomycin and ampicillin was determined using the Etest Ò (AB Biodisk, Piscataway, NJ, USA). These five antibiotics are commonly used to treat enterococcal infections in humans, and levels of resistance to each antibiotic were defined using standard criteria (National Committee for Clinical Laboratory Standards 2002).
Enterococci biochemical tests
RESULTS
Abundance of Escherichia coli and enterococci in gull faeces
Escherichia coli concentrations ranged from <1AE0 · 10 5 -10 9 g )1 of faeces, and enterococci ranged from 10 4 to 10 8 g
)1 (Table 1 ). The mean number (± standard deviation) of E. coli for Chicago faecal samples was 4AE9 · 10 8 ± 9AE4 · 10 8 g
)1
and for Traverse City faecal samples it was 1AE4 · 10 7 ± 2AE3 · 10 7 g )1 . For Chicago faecal samples, enterococci numbers ranged from 10 4 to 10 7 CFU g )1 (mean: 1AE7 · 10 7 ± 3AE2 · 10 7 g
) and for Traverse City samples enterococci numbers ranged from 10 5 to 10 8 (mean: 5AE7 · 10 7 ± 9AE3 · 10 7 g )1 ).
Genotypic and phenotypic characteristics of Escherichia coli from gull faeces
Chicago isolates. Escherichia coli isolates from Chicago seagull samples were characterized by both rep-PCR genomic profiles and Vitek Ò phenotype. Clustering of these isolates based on their rep-PCR profiles, and the relation of these profiles to Vitek Ò phenotype, is depicted in Figure 2 . Isolates having <100% similarity of banding patterns ( Figure 2 ) were defined as different genotypes. In every case, CHI isolates with identical genotypes were obtained only from single seagull faecal samples (Figure 2) . Typically, isolates with identical genotypes also had identical or very similar phenotypes. There was no unique phenotype for each rep-PCR banding pattern at the 100% similarity level, primarily because the isolates exhibited variability in only 12 phenotype characters, resulting in less phenotypic variation than genotypic variation. At approximately 85% similarity of banding patterns, clusters tended to be characterized by isolates from a single sampling date (although not necessarily the same sample). Clusters at approximately 85% banding pattern similarity also tended to share phenotypic features, and tended to be distinct in phenotype from adjacent clusters at lower levels of similarity. There was some association between phenotype and sampling date. The only isolates positive for all phenotypic tests were from the A21 sampling event (faecal samples A21 B and C). Failure to utilize raffinose was more common in June than August samples. At >70% similarity, seven clusters (A-G in Figure 2 ) with broadly similar banding pattern and phenotypic features could be identified. Sample   95  100  90  85  80  75  70  65  60   REP-PCR, Kb   0·50  0·60  0·70  0·80  0·90  1·00  1·20  1·40  1·60  1·80  2·00  2·50  3·00  3·50  5·00  8·00   VITEK   OFG  GC  LAC  MLT  MAN  XYL  RAF  SOR  SUC  ADO  COU  ONP  RHA  ARA  GLU  LYS  NC A1  A21  A21  A21  A21  A21  A21  A21  A21  A1  A1  A21  JU  A21  JU  A1  A1  A1  A1  A21  A21  A21  A1  A1  JU  JU  A1  JU  A21  JU  JU  JU  A1  A1  A21  A1  A21  A21  A21  A21  A21  A21  A21  A21  A21  A1  A21  JU  JU  JU  JU  JU  JU  A21  JU  JU  JU  JU  JU  A1  A21  A21  A21  A21  A21  A21  A1  JU  A21  A1  A21 (Figure 3) , seven of 29 TC isolates fell into the existing CHI clusters A-D, some as much as 90% similar to CHI isolates, and relations among Chicago isolates in these clusters remained essentially unchanged (Figure 3 ). The remaining 22 TC isolates formed new, TC-only, groups at £70% similarity with CHI isolates in clusters D-G. As for the CHI isolates, identical TC genotypes were only identified in single gull faecal samples (Figure 3 ). There was no case in which the same genotype was found in both CHI and TC gull faecal samples.
Number of genotypes per sample. No prior information was available on gull E. coli intraspecies population genomic variability; therefore, we collected multiple isolates from all but one gull faecal sample (Table 1) . The number of different E. coli genotypes was determined for each gull faecal sample (Table 1) . Every faecal sample with more than one isolate yielded multiple E. coli genotypes (Table 1) . There was a tendency for the number of genotypes to increase with increasing number of isolates per sample, with a median of eight genotypes for the four samples with 10 isolates (Figure 4 ). Antibiotic resistance. Enterococci from CHI and TC exhibited a variety of resistance patterns to the five tested antibiotics (Table 2) with no obvious pattern with respect to sampling date or location. The highest level of streptomycin tested was 256 lg ml )1 , and several isolates were fully resistant at this level. It is possible that some of these isolates may be resistant at levels >1000 lg ml )1 , which would indicate acquired resistance. Several isolates were resistant to tetracycline at the highest tested concentration (256 lg ml )1 ). One isolate was resistant to the highest concentration of gentamicin tested, and at a level indicating acquired resistance. No isolate was resistant to ampicillin. No isolate exhibited resistance to vancomycin; however, susceptibility to this antibiotic is defined as £4 lg ml )1 . The three isolates exhibiting an inhibitory concentration of 6 lg ml )1 were all yellow-pigmented isolates (two identified as Ent. casseliflavus) and intrinsic, intermediate levels of vancomycin resistance are typical of some yellow-pigmented enterococci, including Ent. flavescens and Ent. casseliflavus.
DISCUSSION
The high concentrations of both the E. coli and the enterococci associated with gull faeces suggest that gulls 100  90  80  70  60  50  40  30  20  10   CHI  CHI  CHI  CHI  TC  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  TC  CHI  TC  CHI  CHI  CHI  CHI  CHI  TC  CHI  CHI  CHI  CHI  TC  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  TC  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  CHI  TC  CHI  CHI  TC  TC  TC  TC  TC  TC  TC  CHI  CHI  CHI  CHI  CHI  CHI  TC  TC  TC  TC  CHI  CHI  CHI  CHI  CHI  CHI   TC  TC  TC   A  A  A   CHI  TC  TC  TC  CHI  CHI  CHI  TC  TC  CHI  CHI  CHI  TC  CHI  CHI  CHI  CHI  CHI  TC  TC  TC  TC  CHI  CHI  TC   A21  A21  A21  A21  OC  A21  A21  A21  A1  A1  A21  A1  A21  JU  A21  JU  JU  A1  MY  A1  MY  A1  A1  A1  A1  A1  MY  A21  A21  A21  JU  MY  JU  A21  JU  JU  JU  A1  A1  A21  A1  MY  A21  A21  A21  A21  A21  A21  A21  A21  A21  A  A1  A21  OC  OC  A  OC  MY  MY  MY  JU  JU  JU  JU  JU  JU  A  A  A  A  A21  A21  A21  A21  A1  JU  A21  A  A  A  A21  JU  JU  MY  MY  JU  A1  A1  MY  JU  JU  A1  A21  A21  A  OC  OC  OC (Jones et al. 1978; Lévesque et al. 1993 Lévesque et al. , 2000 Hatch 1996; Alderisio and Deluca 1999; Jones and Obiri-Danso 1999; Obiri-Danso and Jones 2000) . However, no prior studies have specifically addressed the number of E. coli or enterococci in gull faeces. Lévesque et al. (1993 Lévesque et al. ( , 2000 reported that 95-99% of faecal coliforms in gull faeces were E. coli. E. coli concentrations per gram of gull faeces in our study (<1AE0 · 10 5 to 1AE9 · 10 9 , Table 1 ) were similar to faecal coliform concentrations found in other studies (1AE1 · 10 6 to 1AE1 · 10 10 ; Lévesque et al. 1993; Alderisio and Deluca 1999; Jones and ObiriDanso 1999) . A similar range in the concentration of enterococci per gram of faeces (2AE0 · 10 4 to 2AE4 · 10 8 ) was also observed in our study. Gould and Fletcher (1978) determined that the average wet weight of faeces excreted by different gull species ranged from 11AE2 to 24AE9 g day )1 . This would result in an average daily load of E. coli and enterococci from one gull on the Chicago beach up to 1AE2 · 10 10 and 4AE2 · 10 8 , respectively (3AE5 · 10 8 and 1AE4 · 10 9 , respectively, for Traverse City).
E . C O L I A N D E N T E R O C O C C I I N G U L L F A E C E S
We observed no temporal or geographic trend in E. coli or enterococci concentration in gull faeces. Likewise, Lévesque et al. (2000) demonstrated little difference in the numbers of faecal coliforms in gull faecal material with respect to gull age group, colony or sampling date. In addition, a study by Alderisio and Deluca (1999) indicated a fairly stable concentration of faecal coliforms (10 7 -10 8 g )1 ) over four seasons across two sampling years.
Within the Great Lakes region, populations of the ringbilled gull (Larus delawarensis) have been increasing in recent years, especially in Illinois (Sauer et al. 2002) . In recent years, more than 7000 breeding pairs of ring-billed gulls were counted at six sites along the Chicago shoreline, and as many as 17 700 breeding pairs at nearby locations outside the Chicago metropolitan area (F. Cuthbert, University of Minnesota, Minneapolis, MN, USA, personal communication). As many as 13 000 breeding pairs have been counted at an island located west of Grand Traverse Bay. There are over 250 000 breeding pairs of ring-billed gulls in the Great Lakes region, accompanied each year by non-breeding immatures up to 2 years of age. Other water birds found along the Chicago and Traverse City shorelines include mallard ducks and Canada geese, for which the population numbers have also been increasing in the Great Lakes region (Sauer et al. 2002) . However, Canada geese were rarely seen on the beaches during the swimming season, and mallard ducks were less numerous than gulls at both beaches.
As noted by others for both Europe and the US (Hatch 1996; Jones and Obiri-Danso 1999) , large and increasing populations of ring-billed gulls may bring increased risk of human exposure to endemic bacterial pathogens (Campylobacter spp.) as well as those acquired through feeding at landfills, animal pastures and sewage disposal sites (Salmonella, other enteric bacteria). The increasing populations of ring-billed gulls in the Great Lakes, combined with the large numbers of faecal bacteria they carry, may constitute a major non-point source of water pollution. With this concern in mind, means to discriminate gull faecal pollution from other potential sources would be especially valuable to beach managers and water pollution control authorities.
Our results indicate a high degree of intra-species population variation for E. coli (defined by rep-PCR profiles and Vitek Ò biotype) in gull faeces taken from Lake Michigan beaches. Rep-PCR has been shown to be a powerful method for identifying intra-and inter-species genotypic relations, and rep-PCR profiles have been shown to be correlated with intra-specific phenotypic characteristics in Xanthomonas, Pseudomonas and Ochrobactrum spp. (Lemanceau et al. 1995; Lebuhn et al. 2000; Rademaker et al. 2000) . Johnson and O'Bryan (2000) showed that E. coli rep-PCR profiles were related to E. coli clusters based on multiple locus enzyme electrophoresis (MLEE). In our study, E. coli isolates with identical genotypes had very similar or identical Vitek Ò phenotypes. Although our sample set was small, we found a median of eight genotypes in four faecal samples for which we collected 10 isolates, all but one faecal sample with multiple isolates yielded more than one genotype, and we found no instance where identical genotypes occurred in more than one seagull faecal sample. Our data suggest that large numbers of E. coli isolates from gull faecal samples, and more than one isolate per sample, would be required to fully characterize intra-specific population diversity, and to adequately characterize the population for source-determination studies.
We observed structure in the rep-PCR profile clusters at ‡85% and around 70% similarity. CHI isolates that clustered at ‡85% similarity were typically from the same sampling date, shared identical or highly similar phenotypes, and retained their close association even after TC isolates were added to the data set. Five TC isolates were 85-90% similar to CHI isolates. The close association of some CHI and TC isolates in the same clusters suggests some population overlap at the two geographically distinct sites. At >70% similarity of banding patterns, CHI and TC isolates exhibited broadly similar banding patterns, and for CHI isolates, such clusters were accompanied by some unique phenotypic characteristics (Figure 2 ). Previous studies (Lemanceau et al. 1995; Johnson and O'Bryan 2000; Lebuhn et al. 2000; Rademaker et al. 2000) have shown that large and consistent variations in banding pattern have intra-specific genotypic and phenotypic significance. Much more data on other phenotypic and genotypic features of our isolates would be required to establish the population significance of these broad clusters. Nevertheless, our results suggest that several intra-species groups of E. coli occur within gull faeces at two geographically separated Lake Michigan beaches and that the proportion of isolates in these groups varies temporally. JU  128  16  1  0AE125  0AE19  CHI JU F4 A2  JU >256  24  4  1  0AE5  TC OC A  A2  OC >256  64  3  64  0AE75  TC OC B  A2  OC >256  24  3  48  0AE25  CHI JU B1 A3  JU  64  4  1AE5  0 AE38  0AE38  CHI JU C8 A4  JU >256  12  1  0AE25  0AE5  CHI JU E4 A4  JU  48  4  1  0AE38  0AE25  CHI JU C3 B  JU  32  12  0AE75  48  1AE5  TC AG B2 B  A  >256  1024  3  >256  3  TC AG B3 B  A  >256  48  0AE38  >256  2  TC AG D1 B  A  96  24  2  0AE75  0AE38  CHI A21 B6 C1  A  >256  16  2  0AE38  0AE5  CHI A21 D2 C1  A  128  12  2  0AE38  0AE5  CHI A21 D4 C1  A  >256  24  2  128  0AE5  CHI A21 D9 C1  A  >256  48  2  >256  0AE75  CHI A21 A2 C2  A  16  8  6  0AE75  0AE5  CHI A21 B4 C2  A  32  12  3  0AE25  2  CHI A21 C5 C2  A  24  6  4  0AE25  0AE38  TC AG D3 C2  A  32  8  6  1  1  TC AG D4 C2  A  >256  24  6  96  3 *Cluster as shown in Figure 5 . Concentration above which isolate should be tested for high-level resistance. àRange for intermediate resistance requiring further testing. §Defined resistance level. Strep, streptomycin; Gent, gentamicin; Van, vancomycin; Tet, tetracycline; Amp, ampicillin. Genomic characteristics of E. coli populations have also been observed to vary temporally in human waste and faeces from feral mice (Gordon 1997; Gordon et al. 2002) . This variation would be consistent with the concepts of E. coli resident and immigrant strains suggested by earlier studies (Selander et al. 1987) . Enterococci biochemical profiles support the concept of bacterial population dynamics in gull faeces suggested by the E. coli results. Most (23 of 25) June CHI Enterococcus isolates had biochemical profiles identified as similar to Ent. faecalis. In contrast, August CHI Enterococcus isolates had different API Ò biochemical profiles than those of June CHI isolates, and where species could be assigned, August Enterococcus species were different from those obtained in June. API biochemical tests alone cannot be used to assign environmental enterococci isolates to species (Müller et al. 2001; Š vec et al. 2002) . The API tests have been developed primarily for characterization of clinical isolates of enterococci, and environmental isolates exhibit test responses inconsistent with those established for clinical isolates of the same species (Müller et al. 2001) . Nevertheless, when recently developed genotyping methods for enterococci have been applied, biochemical test responses were consistent within source-specific genotypes (ecovars; Š vec et al. 2002) and were useful in distinguishing closely related phylogenetic groups of enterococci from less-related groups . In our study, antibiotic resistance patterns did not closely parallel groups defined by biochemical test response. Likewise, Müller et al. (2001) found little correlation between antibiotic resistance patterns and species or genotypes of enterococci isolated from forage grass. Nevertheless, some isolates in our study exhibited high-level resistance to medically significant antibiotics.
The causes and ecological significance of population variation in E. coli and enterococci in gull faeces remain to be determined. Our results suggest the existence of ecovars of both E. coli and enterococci in gull faeces, which might be related to feeding ecology, age structure or colony characteristics not determined in this study. In particular, gull diets may be extremely variable. They are opportunistic feeders, feeding on the nearest food supply (fish, worms, insects, trash, etc.; Weseloh and Blokpoel 1979; Drury 1980; Hatch 1996) near the lakeshore, at landfills, in pastures or in city parking lots. Early studies suggested that hosts are subject to continuous immigration of E. coli strains from the environment, with food being a major source (Selander et al. 1987) . The abundance of Salmonella in gulls may be affected by season and by age-specific differences in feeding ecology (Hatch 1996) . Studies performed on other animals have shown that the intestinal microflora can be affected by small changes in diet (Selander et al. 1987; Netherwood et al. 1999; Souza et al. 1999; Leser et al. 2000) . However, pigeons have a very characteristic and host-specific enterococcal flora . Further studies of E. coli and enterococci population dynamics in gull faeces might lead to improved understanding of gut ecology, and provide insight into the significance of ecovars of these common bacterial genera.
The variation in faecal indicator bacteria populations seen in this study is also significant in the context of current efforts to determine the sources of faecal bacterial pollution to ambient waters. First, our results suggest that the large degree of variation in population characteristics of both E. coli and enterococci in gull faeces will require extensive sampling for adequate characterization. Second, our results may help to better understand the variable success in correct classification (ARCC) of bacteria with respect to source in other studies (Hagedorn et al. 1999; Parveen et al. 1999; Dombek et al. 2000; Carson et al. 2001) . The variability in ARCC has been similar regardless of method used. Therefore, it is likely due to factors that are not method-related. Such factors may include features of gut/faecal microbiology that exhibit temporal, geographic or ecological variability. Intra-specific variation in E. coli or Enterococcus genomic structure within a given animal population may affect both the ARCC and the reliability of various genomic typing procedures to correctly classify these bacteria from various animal sources. Results of this study suggest that variation in physiological and genomic characteristics of E. coli and enterococci occurs at many levels: within faecal samples, between faecal samples collected on the same date and between samples collected on different dates. These variations are all important considerations when building libraries to be used in faecal contamination source determination.
